The inhibition behavior of ethyl-2-phenyl hydrozono-3-oxobutyrate on the corrosion of 6061 Al alloy/SiCp composite in 0.1, 0.5 and 1 N hydrochloric acid solution at four different temperatures (30-60 °C) has been investigated using potentiostatic polarization techniques and weight loss method. The results indicated that the corrosion inhibition efficiency and the extent of surface coverage were increased with the increase in inhibitor concentration up to a critical concentration. The adsorption of the inhibitor compound on the composite surface was found to obey Temkins' and Langmuir adsorption isotherms. The potentiostatic polarization results have revealed that oxobutyrate acts as an efficient cathodic inhibitor for the corrosion of 6061 Al alloy/SiCp composite in HCl medium. The thermodynamic parameters for the corrosion and adsorption processes were determined.
INTRODUCTION
Aluminium, its alloys and composites represent an important category of materials due to their high technological value and wide range of applications, especially in aerospace industry and military applications. The use of these materials in light weight applications is widespread and these usages expose them to environments that could be acidic or alkaline 1 . Generally aluminium alloys and composites are highly resistant to corrosion owing to the formation of a protective oxide layer on their surface 2 . Corrosion does take place when this protective Al 2 O 3 -3H 2 O layer is either unstable or defective. Corrosion in Al alloys and composites takes one of the two forms -pitting or intergranular corrosion. Pitting takes place in environments where the protective Al 2 O 3 -3H 2 O film is partially stable. In these cases, corrosion usually originates adjacent to the flaws in the microstructure of the film 3 . Inter-granular corrosion results in selective corrosion at the grain boundaries or any precipitate free zones that might be found adjacent to them, with the remainder of the matrix undergoing very little corrosion. Inter-granular corrosion occurs because of the formation of precipitates along the grain boundaries, which are more anodic with respect to the interior of the grains. As a result preferential dissolution occurs at these sites where these precipitates or precipitate free zones undergo anodic reactions 4 . Hydrochloric acid solutions are used for pickling, chemical and electrochemical etching and in various chemical process industries wherein aluminium alloy composites are used. In such cases it becomes very important to use corrosion inhibitors so as to protect the material against excessive corrosion 5, 6 . The effect of any particular organic compound on the corrosion behavior of metals in acid system depends on the type of metal and its interaction with the surface of the metal. The inhibiting action of organic compounds has been mainly attributed to adsorption of the compound on the surface of the material. This adsorption affects the electrochemical behavior involved in the corrosion process of metals/alloys/composites [7] [8] [9] . The inhibition effect of 3 -methyl -4 -amino -5 -mercapto -1,2,4 -triazole on the corrosion behavior of 6061 Al alloy/SiCp composite has been reported 10 . This triazole compound was found to act as an anodic inhibitor with a maximum efficiency of 58 % at 30 °C. Allyl thiourea was used as an inhibitor for the corrosion of Al alloy/SiCp composite in HCl medium and showed a maximum efficiency of 70% in the temperature range of 30 -50 °C 11 . In the present work, inhibitive action of ethyl-2-phenyl hydrozono-3-oxobutyrate on the corrosion behavior of 6061 Al alloy/SiCp composite in 0.1, 0.5 and 1 N hydrochloric acid medium at four different temperatures (30-60 °C) has been investigated using potentiostatic polarization techniques. The results obtained were cross checked by the weight loss method. Inhibitor: Ethyl-2-phenyl hydrozono-3-oxobutyrate was prepared as per the reported procedure 12 . Aniline (0.01mol) was dissolved in dilute HCl (8 ml) and cooled to zero °C. To this, a cold solution of sodium nitrite (0.02mol) was added with stirring. The diazonium salt solution obtained was filtered into a cooled solution of ethylacetoacetate (0.01mol) and sodium acetate (0.15mol) in ethanol (50 ml). The resulting yellow solid was filtered, washed and recrystallized. The purity of the compound was checked by the elemental analysis and melting point (68 °C). The structural formula of the inhibitor compound is shown in Figure1. Tafel extrapolation studies: The polarization studies were performed using a Wenking Potentiostat and a three electrode cell system with the saturated calomel electrode as the reference electrode, platinum electrode as counter electrode and the specimen acting as the working electrode. Tafel extrapolation studies were made from -250 mV versus OCP to +250 mV versus OCP in steps of 20 mV from the cathodic side and the corrosion currents were noted. The Tafel plots of potential versus log I were drawn and the corrosion current density (I corr ) and the corrosion potential (E corr ) were determined. The corrosion rate, the degree of surface coverage (θ) and the percentage inhibition efficiency (%IE) were calculated. The experiments were performed with 0.1, 0.5 and 1 N HCl at four different temperatures (30-60 °C). The temperatures were accurately maintained within ±1 °C. The results obtained by Tafel extrapolation technique were cross checked by linear polarization technique and weight loss method. Weight loss method: Specimen coupons of 1 sq cm are exposed to 100 ml of test solution for 6 hours. Before exposure the surface is polished with different grades of emery paper and rinsed with distilled water and acetone, then dried and finally accurately weighed. After exposure, again the specimen is gently polished, rinsed with distilled water and acetone, then dried and accurately weighed. The difference in weight gives the weight loss. Experiments were conducted with 0.1, 0.5 and 1 N HCl in the presence and absence of inhibitor.
RESULTS AND DISCUSSION
The electrochemical parameters for the inhibition behavior of ethyl-2-phenyl hydrozono-3-oxobutyrate on the corrosion of 6061 Al alloy/SiCp composite in 0.1, 0.5 and 1 N HCl solution were studied by potentiostatic polarization technique at four temperature levels. The results are presented in Table 1 . It can be seen from the fitted results and the polarization curves (Figure 2 ) that there is a large negative shift in the corrosion potential (E corr ) and a drastic reduction in the corrosion current density (I corr ) and corrosion rate (CR) values. The shift in corrosion potential in the negative direction indicates that oxobutyrate is an efficient cathodic inhibitor. The corrosion rate, the degree of surface coverage (θ) and the percentage inhibitor efficiency (%IE) were calculated by using the following relations 13 . 
where, I corr = Corrosion current density in µA/cm 2 . Eq.wt = specimen equivalent weight in g. D = specimen density in g/cc 0.1288 is the metric and time conversion factor.
(2)
Where, I corr and I corr(inh) are the corrosion current densities in µA/cm 2 in the absence and presence of the inhibitor respectively.
(3)
The inhibiton efficiency by weight loss method was calculated by using the following expression 14 . (4) Where, W and W inh are the values of weight loss of the specimen after immersion in test solution without and with inhibitor, respectively.
A comparison of the inhibition efficiency obtained from Tafel extrapolation technique, linear polarization technique and weight loss method at 30 °C are given in Table 2 . The results obtained by the three methods are in good agreement. The % IE increases with increase in concentration of oxobutyrate ( Table  1) . The increase in % IE may be due to the blocking effect of the surface by both adsorption and film formation mechanism which decreases the effective area of attack. The variation of % IE with temperature is shown in Figure 3 . The inhibition efficiency decreases with increase in temperature. The rise in temperature results in the increase in conductance of the aqueous acid medium and thereby increases the diffusion rate of hydrogen ions to the composite surface and hence the corrosion progresses faster at higher temperatures. The results indicate that oxobutyrate is an effective inhibitor with maximum IE value of 88 % in 0.1 N HCl containing 100 ppm of inhibitor.
The surface analysis of 6061 Al alloy SiCp composite was carried out using scanning electron microscope (JEOL Model 8340LA). The scanning electron micrographs of a fresh specimen of 6061 Al alloy SiCp composite is shown in Figure 4a . The micrographs for the specimens immersed in 1 N HCl solution at 30° C in the absence and presence of inhibitor are shown in Figures 4b and 4c respectively. The corrosion of Al alloy SiCp in HCl medium is presumably due to the anodic dissolution either at the grain boundaries or at the metal-media interface. It is seen from the Figure 4c that the surface of 6061 Al alloy SiCp exposed to inhibited solution is smoother than that exposed to uninhibited acid solution (Figure 4b ). These observations suggest that the inhibitor forms a protective layer on the composite surface, which prevent the attack of acid on the surface. To understand the mechanism of corrosion inhibition, the adsorption behavior of the inhibitor compound on the composite surface must be known 15 . The surface coverage values for different concentrations of oxobutyrate from the acid solution were calculated. The surface coverage values (θ) were tested graphically by fitting to suitable adsorption isotherm. The plot of θ versus log c ( Figure 5 ) for different concentrations of oxobutyrate shows a straight line indicating that the adsorption of the compound on the composite surface follows Temkins adsorption isotherm. The applicability of Temkins adsorption isotherm verifies the assumption of mono-layer adsorption on a uniform homogeneous composite surface with an interaction in the adsorption layer 16 . To further confirm the adsorption behavior of the inhibitor, Langmuir adsorption isotherm was constructed. Plots of log [θ/(1−θ)] versus log c are found to be linear ( Figure 6 ) suggesting that the molecules are adsorbed over the metal surface forming a barrier, which prevents the contact of the metal with electrolyte 17, 18 . 
Where θ is the degree of surface coverage on the metal surface and c is the concentration of the inhibitor in molL -1 . The free energy of adsorption (∆G ads ) is calculated from the following equation 19, 20 . (6) Where 55.5 is the concentration of water in solution in molL -1 and T is the temperature in Kelvin.
The negative values of ∆G ads indicate spontaneous adsorption and strong interaction of inhibitor molecules on to the surface of the composite. The ∆G ads values obtained for 100 ppm of oxobutyrate were less than 40 kJ molL -1 nd this indicates that the inhibition is governed by physical adsorption mechanism.
CONCLUSIONS

1.
Oxobutyrate acts as an efficient cathodic inhibitor for corrosion of 6061 Al alloy/SiCp composite in 0.1 -1 N hydrochloric acid medium.
2.
The corrosion rate decreases with increase in inhibitor concentration and increases with rise in temperature in the presence of the inhibitor.
3.
The adsorption of the compound on the surface of Al alloy/SiCp composite was found to obey both Temkins and Langmuir adsorption isotherms and governed by physical adsorption mechanism.
4. The inhibition efficiency obtained by polarization techniques and weight loss method are in good agreement. The thermodynamic parameters for the corrosion of Al alloy/SiCp composite in the presence of oxobutyrate are studied ( Table 3 ). The equilibrium constant (K) is determined by the relation:
